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ABSTRACT

Three concepts to measure incident flux {1) relative, real-
time power measurement, 2) flux mapping and incident power
measurement, and 3) real-time flux mapping} and two concepts
to measure receiver surface temperatures {1)low and 2) high
resolution temperature measurements} on an external central
receiver are discussed along with the potential and shortcomings
of these concepts to make the desired measurements and the
uncertainties associated with the measurements caused by
atmospheric and surface property variations. These concepts can
aid in the operation and evaluation of the receiver and plant.
Tests have shown that the incident flux distribution on a surface
can be mapped out using a fixed, narrow white target and a CCD
camera system by recording the images of the beam as it is
passed over the target and by building a composite image. Tests
with the infrared cameras have shown they are extremely
valuable tools in determining temperature profiles during startup
of the receiver and throughout operation. This paper describes
each concept in detail along with the status of testing to
determine the feasibility of these concepts.

INTRODUCTION

In a solar central receiver configuration, heliostats redirect
and concentrate the beam component of sunlight onto a receiver
mounted on top of a tower centrally located in the field of
heliostats. The concentrated radiant power is absorbed by the
receiver and transferred to fluid pumped through the receiver.
The fluid collects the concentrated solar energy which is
converted into work, then electricity, or for use as heat. Molten
salt has been used extensively as the hecat transport fluid in
central receiver systems. In the Solar Two project (a cost-shared
project between a consortium of utilities headed by Southern
California Edison and the US Department of Energy), the central
receiver power plant located near Barstow, CA will be retrofitted
with an advanced molten-salt heat transfer system. The receiver
will be an external cylindrical configuration made with tubes

that are painted black. With an external cylindrical receiver
geometry, measurements of flux and temperature introduce
unique challenges and needs. Measurements of the distribution
of incident radiant flux, the total power going into the receiver,
and the receiver surface temperature will provide important data
that can aid in the operation, evaluation, analysis, and control of
the receiver. These measurements can also help assure warranty
conditions associated with the receiver and heliostat field are
met. The objective is to evaluate concepts to measure flux and
temperature and to determine their applicability to external
cylindrical central receivers.

DESCRIPTION OF THE CONCEPTS, UNCERTAINTY
ANALYSES, AND TESTING

The spectrum of the radiant energy to be measured can be
broken into two parts: the concentrated solar spectrum where
the wavelength region of concern is usually between 0.3 to 4.0 p
m and the infrared (but not the solar radiation) whose
wavelength region depends on the temperature of the surface of
interest and is usually greater than 1.8 jum for the temperatures
associated with central receivers. A plot of the solar spectrum
and two blackbody spectrums at the receiver inlet and outlet
molten salt temperatures are shown in Figure 1.

Table 1 is a summary of each concept and instrumentation
along with the positive and negative features. Each of these
measurements requires specialized instrumentation to carry out
the intended function. The measurements are listed in order of
their importance and impact on the operation, maintenance, or
reliability of a central receiver power plant and their ability to
aid in assessing the performance of the receiver. The sections
below describe each concept along with the uncertainty of the
measurements and testing of the concepts. As of this writing,
some of testing described below is underway at the Central
Receiver Test Facility (CRTF) at Sandia National Laboratories.
A brief description of the status and results of the testing are

also described in these sections.
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Figure 1. Terrestrial solar spectrum x 700 at air-mass 1.5 and
two blackbody emission spectrums.

Relative Power Measurement.

Reliable measurement of incident power is necessary to
provide a feed-forward control signal to the molten-salt control
system (Kolb, 1992). Receiver control systems have relied on
the flux gauges to sense changes in flux on the receiver.
Although these flux gauges have worked in central receivers
with some success, they suffer from reliability problems, require
frequent maintenance and calibration, and can be difficult to
access. In the Solar One receiver - a single-pass-to-superheat
boiler, 6.6% of the plant outages caused by the receiver were
due to the flux gauges (Kolb and Lopez, 1988). These outages
amounted to 3.4% of total plant outages. Experience has shown
that the average life of a flux gauge in the harsh, concentrated
solar environment is about 6 months. In order to mitigate plant
outages due to failure of flux gauges, a strategy was proposed
where one of the two flux gauges in a panel is replaced at three
month intervals, staggering the replacement.

The flux sensor needs to respond rapidly enough to changes
in incident power - such as those experienced in cloud transients
- so the flow rate can be increased rapidly to cool the receiver
and prevent overheating of the receiver tubes. The costs and
maintenance requirements for flux gauges in a commercial plant
are high enough that the development of highly reliable, low
maintenance alternatives could have an immediate, positive
effect on the maintenance costs and reliability of the receiver.
The cost of the photometers is relatively low (~$600 each).

Potential alternatives to flux gauges are photometers which
do not sit in the high flux area of the receiver, don't have
significant drift with time, can easily be maintained, and are low
cost. Changes in incident power would be detected by
measuring changes in reflected intensity. Several of these
photometers would be mounted around the base of the receiver,
each "seeing" a portion of the receiver not having a field of view
so large that it picks up stray light or direct solar irradiance. A
schematic of this arrangement in shown in Figure 2.

;L 7—N
Photometers - / \/

Top of Beam Characterization Deck
Figure 2. Schematic of arrangement of photometers to measure
changes in relative power.

The photometers respond to reflected light over a region of
the receiver whose view size is a function of the field of view
and respond to light whose spectral content lies within the
detection band of the photometer. The spectral content of the
reflected light is a convolution of the beam component of
terrestrial solar radiation, the spectral reflectivity of the
heliostats, and the spectral reflectivity of the flat black absorber
paint. Since the surface reflectivity will vary as the paint ages,
the dynamic range of the photometers must be wide enough to
accommodate these changes.

Photometers. Photometers used to measure relative power for
flow control need only to sense changes in reflected power to
provide a feed-forward signal to the control system. The largest
uncertainty associated with this measurement is that associated
with Pyromark reflectivity. Since the photometers view a wide
area of the receiver and since the solar-weighted absorptivity and
thus reflectivity change slowly over time, bulk changes in
reflectivity are manageable. After the Solar One receiver had
been repainted with Pyromark in December 1985 it had an
absorptivity of 97%. In October 1987 the absorptivity changed
to 96% (Radosevich, 1988), showing that the properties thange
slowly with time. A calibration algorithm could be implemnea: !
to automatically account for changes in bulk reflecrivit, by
scaling the photometer output signal to match the relat. * v ~wer
on the receiver. For example, near solar noon onc: . # ek <cr
more often if necessary) under steady conditiors v aer Ffull
power is known to be incident on the receiver, the scae factor
for the photometers output signal could be reset to 100% celative
power to account for minor variations in reflectivity.
Testing of Photometers. A test setup consisting of 'wo
receiver panels has been installed at the CRTF to ie.
photometers and compare their output to flux gauges. To cuniiti
the salt flow rate, the photometers must be able to respond 12
changes in incident flux as measured by the reflected light from
the panels. In these tests, the photometer's response will be
compared to flux gauge output using the setup shown in Figure
3. The goal is to determine how well the photometers can
measure changes in flux compared to flux gauges and to

James E. Pacheco



- -
- x
- -
- - -
i
-

[ETEN




a)

Frgie S Thermal image of panel ay preheated with hehostats
and by oafter flow was established bringing the panel o un
cyuhibrm temperature

Frrors mroduced e the measurenent are caused by absorption
and scattening of radiation by i, reflection from nearby hot
objects, cmissivity vartations, and rellection ol concentrated
sunhght. The emor an temperature measurement doe o
absorption of radiation thiough ar s proportional o the optical
path fenpth - the distance between the hot surface and the
detecter AU TOD meters from the surface at ROOTC and an
atmuospheric transmission of 95 3% 0 the atmospherie absorption
will cause an crmr of 2170 This error increases o 237 for
transmission of 92 3% (Neamann, 1993 For back surtaced
plass silvered nurrors. the solar noise or “pollution” of the IR
stenal s smalbw the 812 pon range since the plass absorbs most
of the hghtm this wavelength band . A 5% change wm emissivity
will result i an underestimation by about 237C at an operating
emperature of 6507 and s additive o the other errors Phapps
and Sweatt (1992 huave proposed usig bandpass hilters
selective waveleneths o mimmize etects ofatmaospheric
conditions and solar Tpollution”

The emsseviny correction cant be made an the held dunne
startup by viewiny the recever just abter salt How has been
intrated but prion to heat colfection The recenver should be ata
tanly umtorm. known tenperature durmg s st tup phiase the
saltelet wempenature so the cissiaty can be adiosted e
tatch that temper gty

leung of Low Reoluuen IR Cameras, Tests ware
pertormed  with two pancls used o a0 mobien salt paned
exvpenment located ot tie base of the CRTE S The pancels were
heated with helostats snd atter they reached @ temperature new
the salt mperature. How was itated throneh the panel tubes
[henmal mages were capated usine twe bndaneties cameras
Fwes of the mages are shown i Firares Saoand Shy swhere the
pancl was preheated st helostass andadier low was
extabliched throneh the entie panclorespectively

Since the real recenver enpssivty wall vany swath location. one

method oo meastre s variation s eomeasare the einssion

from a surlace  at unttorm tempetature At a untform
temperature, a serface that has sipnificant spatial varation
coissvity will appear o have a spatial vartittion in tlemperature
when viewed by the IR cameras After flow was established
the two panels i the molten salt loop, the panel temperature
became very uniform and equilibrated at the salt temperature
By viewing the panel with the IR cameras, we determined that
the spatial variations in enusstvity were not significant and did
notadversely affect the wemperature measurement. We observed
there was no noticeable solar interference in the measurements,
but the solar imtensities were very low (< 30k W/m‘z)

The biggest advantage of this thermal imaging system s that
the flow condition within the panel can be deternuned. As the
receiver panel filled with salt, we could "see” the salt/au
interface. Durmy one of our molten salt panel tests, some of the
passes were blocked by ar trapped in the flow path Using the
IR cameras we were able o determine  which tubes had
blockage I commercial power plant, this mformation could
be invatluables capecially af the receiver were o become frozen
with salt

High _Aceuraey  Flux  Mapping _and  Towd  Incident Power
Meuwsurementon Reeeiver,
High precision and accurate measurements of the incudent

flux ard total power from the entire helostat tield are very
mportant for assessing recerver performance This system
woubld provide valuable insight on the actual flux distributions
on e recenver and conld wd i optinuzing heliostat amnng
strateeies i addition to beng ased o measure merdent power
for recaiver cthiceney caleulanons A major coneerne i a
comeeraial scales central receiver plant s how the heliostat
ficld and recerver sobsystems are warranted. It the heliostat
fickd s provided by o ditferent suppher than the receiver vendor,

the question anses  who o warrats the thermal pertormance

under given cenditions”?

A hehostat manutacturer may guarantee
a \pc&l[lt power defivery o the recerver under [!I'C(]L‘ﬁllt‘d
condiions and the recerver manufacturer may warrant a given
thermal power output o the heat gansport flnd given a powes
imput at the recever surface, but without knowing the inerdent
power onthe tecerver the waerantees mirght not he faltiled

In order o accurately picosure the receiver efficieney, the
total power onto the recerver must be known alony with the
powet absorbed by the heat tanspart furd tas measured by the
tlow rate and temperatare nise of the flad) A system o
measure merdent oy wonld consist of a video camers operating
i i visible spectium. o computer with o frame prabber and
age procesany sottware The camera takes unages ol the
white tueet which s plaved i the beam The trget must be
coated withow b b guabiny white ditfose retlective material tep
slunnmum ovide, magnesim oxade, o othersy This type of
satem can beoreahized e different s ways The DBeam
Charactenization System (BOS L chalbammer, Phapps. 1979y
wsed at the Centrar Recener Test Faahity (ORI
Albogoergue. NN operates with w Loee white tareet on the
recenvet tower Lhe Besm of aosiele hehostat or several of them
Ihe beams
contd thee beomoved o e the aecaner Fhe HERMES T

are Characterized by amastes taben one that tareet
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Beam Spot
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Target

Receiver

Figure 6. Fixed Lambertian target for measuring flux
distribution on central receiver. The heliostat beams are moved
up and across the narrow target to map out the flux.

System developed by the DLR in Cologne, Germany, and
operated at the Plataforma Solar in Spain uses a narrow
elongated rectangular white target (Neumann, 1991). This target
sweeps across the front of the receiver aperture to scan the entire
beam. The new solution proposed here is a combination of the
two principles. A narrow white target coated with a highly
reflective material is mounted on top of the receiver. Figure 6
shows a schematic of this arrangement. Instead of moving a
target in front of the receiver, the beam itself is swept across the
target. By incrementally moving the aim points of the heliostats
upwards, the heliostat beams pass over the white target to map
out the flux distribution. The images could then be cropped,
rectified, and a composite image of the flux distribution of the
entire receiver could be built. The narrow target requires less
cooling power than a large target would need for taking complete
images of the heliostats. Provided there is nothing above the
receiver expect the white target, the beams passing over the top
of the tower and target cannot cause any heating damage. For
that reason many heliostats can sweep simultaneously across the
target.

A moving white target concept was ruled out as a way of
mapping out the flux distribution because it would be
impractical to be used in a large, external cylindrical receiver
configuration. This system could also enable the operators to
find the peak flux location to check aiming strategies. The
number of cameras needed depends on how diffuse the white
target is. Figure 7a) show the angular dependency of the
reflectivity of AlpO3 - a common coating for target surfaces. An
ideal diffuse surface will scatter light equally in all directions.
The AlyO3 reflective surface behaves diffusely (Lambertian)
over +45° (reflection angles) at all light incident angles
presented. This means off-axis measurements of the flux from
the white target can be made accurately and four to six cameras
would be required.

Uncertainty Analysis of the High Accuracy Flux Mapping
Concept, As solar radiation passes through the atmosphere it is
attenuated and the spectral content of the radiation that reaches
the surface of the earth is a function of the optical path length,
aerosol scattering and absorption, water vapor absorption and
transmittance through ozone and mixed gases in the atmosphere.

As these atmospheric constituents affect solar radiation, they
will also influence remote optical measurements carried out in
similar spectral regions. Since CCD video cameras measure
radiant flux over a limited detection band width, the entire solar
spectrum cannot be measured but must be inferred from the
radiation that is detected. A typical CCD video camera
measures visible radiation in the 0.3 to 1.1 pm wavelength
range. We used the SPCTRAL2 solar irradiance model (Bird
and Riordan, 1986) which accounts for absorption and scattering
of the previously mentioned parameters to calculate the ratio of
irradiance in the wavelength range 0.3 to 1.1um to that in the
0.3 to 4.0 um wavelcngth range (nearly all the solar spectrum).
We found that variations in water vapor and turbidity do not
change the ratio by more than about +3% for most conditions.
During condition of high turbidities (low visibility) and at large
zenith angles (near sunrise or sunset), the uncertainties grow
larger than this, but these are unlikely conditions for measuring
receiver performance. Phipps and Sweatt (1992) have proposed
using a bandpass filter at 0.68um with silicon detectors to
minimize the effects of changing aerosol content on atmospheric
transmission of visible light.

In addition to the effects on measurements of concentrated
flux caused by atmospheric variations, the properties of the
heliostat reflective surface, the spectral response of the detector,
and the angular reflective properties of the target can also affect
the remote measurements. The concentrated radiation reflected
off a surface is a convolution of the terrestrial beam solar
radiation, the heliostat reflectivity, and the surface reflectivity
along with atmospheric absorption between the surface and the
detector.

Factors that contribute to uncertainties in the measurement of
flux for the fixed Lambertian target concept, are variations in
atmospheric conditions (+3%), absolute calibration of the
intensity level (£5%), camera linearity (+1%), camera hardware
including amplifier (+1%) and digitizer (+1%), and variations
in the white target properties (+4%). The root-mean-square
uncertainty in this measurement is approximately +7%.
Furthermore, since the camera intensity level is digitized, the
dynamic range for an 8-bit digital system is 1 to 256. In addition
to these errors, there can be errors introduced by displacement of
the heliostat beam upward when the beam is being mapped out.
This error will be greater for heliostats in the rows closest to the
tower and least for ones at the edge. This error should be
relatively small compared to the others. Heliostats near the
singularity point may not be able to respond fast enough for this
measurement.

T ¢ High A Flux_Mappi it Fixed
Lambertian Target. Several tests were performed to test the
feasibility of mapping out the flux distribution and determining
the total power using a simulated narrow white target (smaller
than the beam size). The actual target was in a bay of the CRTF
and was large but only a section was of interest for
postprocessing the image. In these tests, several heliostats were
aimed at the target. The vertical heliostat aim points were
incrementally moved upward over the target while the BCS
(COHU CCD video camera with telescopic lens, 8-bit frame
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grabber system, a 486 DOS computer system, and Beamcode
software) captured the images of the beam reflected off the white
target. A section of each image representing the narrow target
whose height was the incremental distance between vertical aim
points was cropped and merged to form a composite image of the
entire beam. A typical result from these tests is shown in Figure
8 where 30 heliostats were aimed at a single, common aim point
on the white (AlyO3), water-cooled panel. The aim point was
moved upward in 0.4 m increments to map out the 2.0 m beam
spot. From a qualitative comparison, the composite image has
similar contour profiles as the parent images. Analyses of the
composite image indicated the total power, peak power, and
beam size were within 2% of mean values of the individual
images that made up the composite. The time required to move
the heliostats from one aim point to the next and allow the
heliostats to settle was approximately 15 seconds. To get the
flux profile from a cylindrical target, the image would have to be
rectified to account for the curvature.

Real-Time Flux Mapping M

A warranty concern may arise if the integrity of the receiver
were breached. The question could arise as to whether the flux
on the receiver surface exceeded design limits - a heliostat field
problem - or whether the receiver tube materials or receiver
design or manufacturing was faulty - receiver problem. In
addition, real time flux distributions on the receiver as it is
operating can help to verify and optimized aiming strategies.
Continuous measurements of the flux distribution need to be
made in real time. The only practical method to measure the
flux distribution continuously without interrupting the operation
is to measure the reflected flux off the receiver surface with
video cameras. This arrangement is similar to the one in Figure
6 except the cameras view the absorber panels directly and there
is no need to move the heliostat aim points. Since the reflected
light and thus the flux distribution measurements are very
sensitive to changes in the spatial reflectivity, a calibration of the

receiver reflectivity must be made periodically in order to get
meaningful data.
. e .

The uncertainties associated with the real-time flux
measurement concept are similar to those associated with the
fixed Lambertian target concept except for the uncertainties of
the surface reflectivity. The absorber paint reflectivity may vary
significantly with location (spatially) on the receiver and will
depend on the curing process and age of the paint. A change in
solar-weighted absorptivity of the receiver surface from 95% to
94% results in a 20% change in reflectivity. Unfortunately these
gross errors overwhelm all other uncertainties and make the flux
mapping measurements only qualitative at best. It may be
possible to build a calibration map of the receiver surface using
a well-characterized heliostat or light source. Also, the
directional properties of the Pyromark reflectivity must be
considered. The absorber paint must be diffuse in order to make
these measurements. Figure 7b) shows the directional reflective
properties of Pyromark. The paint behaves fairly diffusely over
the range of angles of interest (+45°), but it exhibits higher
reflectivity at the incident angle of the light source. The
estimated uncertainty for this concept is +20-40%.

Testing of Real-Time Measurement of Flux Map Using
Receiver Panels. These tests use the same two panels and setup
in the photometer tests. The purpose is to determine the
feasibility and limitations of measuring the reflected light off the
receiver panels as a way of estimating the incident flux map in
real-time. The flux profile can be measured first with white,
water-cooled panels in another bay of the CRTF, then it can be
compared to that from the receiver panels. Qualitative
comparisons can be made of the profiles. Images will be
captured with the same camera system as was used in the fixed
Lambertian target tests. A procedure will be tested to estimate
the variation in reflectivity over the receiver surface using either
a well-characterized heliostat image or light source. A
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target and merged to form the composite image.

calibration map of the spatial receiver reflectivity can be
developed to increase the accuracy of the flux measurement.
The angle at which the camera views the panel can also be
varied. These tests will be conducted using groups of heliostats
over a range of flux levels.

High Resolution T M for Di .

High spatial resolution temperature measurement of receiver
tubes would enable the peak temperatures and temperature
gradients across individual tubes to be measured. The highest
flux levels are seen on the tube crown and drop off in the radial
direction. The flux gradients across the front surface of the tube
result in severe radial temperature gradients and thus radial
stresses. Detailed resolution of temperature profiles across
individual tubes could be used to assess tube stresses and to
verify receiver designs and integrity. This system would require
high spatial resolution. The measurements could be made using
an infrared camera mounted close to the receiver, and fitted with
the proper lens. This system would be installed as part of the
diagnostics. Measurements from this system would enable
valuable analysis of receiver tube stresses, but would not have a
significant impact on the operation, maintenance, or reliability of
the plant.

Uncertainty  Analysis of High Spatial Resolution
Temperature Measurement. The uncertain of the temperature
measurement with this concept should be at least as good as the
low resolution temperature measurement system and it will
likely be better with a calibration of the tube surface. Also, at
close ranges (<10m), the effects of atmospheric absorption on
the temperature measurement are not significant.

Testi {i i In
these tests, we plan to examine the feasibility of using a COy
laser to calibrale the emissivity of tubes painted with Pyromark
heated to the cold and hot salt temperatures. This calibration
technique will enable us to obtain high accuracy temperature

measurement over small regions of interest on the receiver
(Phipps and Sweatt, 1992). We will scan the sample with the
laser and measure the reflected signal to estimate the emissivity.

If this calibration procedure proves acceptable, we can
calibrate a region of the receiver panels and mount the same 8-
12 um IR camera fitted with a lens close to the surface (<10m)
to resolve the temperature across the crown of the tube. By
heating the panels up dry, we can view the temperature profiles
across the tube surface to determine how well they can be
resolved.

CONCLUSIONS

Of the concepts proposed to measure flux and temperature on
central receivers, the two that could have the greatest impact on
the receiver reliability and the plant operation are the
photometers for flow control and the low resolution IR cameras
for measuring temperature profiles of the receiver during startup
and operation. The low spatial resolution IR camera system has
proven to be an extremely useful tool for aiding and
understanding the operation of a receiver. The fixed Lambertian
target concept shows promise as a way to map out the flux
distribution on the receiver, however, it may be complicated to
implement.  With the large variations in the Pyromark
reflectivity across the surface of a receiver, it is likely that
measuring flux directly off the receiver surface will be
qualitative at best. The high-resolution temperature-
measurement system will be useful for analysis of the receiver
stress, but may not significantly impact the operation or
reliability of the receiver or plant.
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Table 1. Summary of Details of Instrumentation, Advantages. Disadvantages of Concepts to Make Measurements.

Measurement 1.) Relative Power 2) Low Resolution Global 3 a) High Precision Flux 3 b) Real-Time Flux 4) High Resolution
Measurement Temperature Mapping and Total Mapping and Total temperature
Measurement Incident Receiver Power Incident Receiver Power measurement
Measurement Measurement
Function or Use Feed-forward flow control | Receiver startup, thermal | Performance assessment, Satisfy warranty concerns | Tube crown temperature
signal, alternative to flux | performance, and accurate measurement of | (real-time flux map). to aid in thermal strain
gauges warranty concerns. total power and flux. Verify heliostat aiming. analysis (diagnostics).
Instrumentation 6-8 silicon or thermopile 4 infrared video cameras 4 (CCD) video cameras Same as 3 a) but uses 1 infrared camera with 10
type photometers (field mounted) with (field mounted) with receiver surface as the cm lens mounted near
mounted near receiver hardware and imaging hardware, imaging target receiver surface
software software and a fixed white
Lambertian target
Wavelength Band of | 0.3-1.1 pm (silicon) or 0.3 8-12 um or a wavelength 0.3-1.1 um or a single Same as 3 a) 8-12 um or a wavelength
Detection 4.0 um (thermopile) band in that range wavelength band within band in that range
this region
Measurement 0-100% Relative Power 200-500°C 10-800 kW/m* Same as 3 a) ~U0-650°C
Range 6° field of view resolution | 0.5 m spatial resolution 10 cm spatial resolution 3 mm spatial resolution
Accuracy +15-20% with calibration +30°C with emissivity +7% depending on >1+20-40% due to large 1+30°C with emissivity
calibration calibration method variations in receiver calibration
reflectivity
Positive Features High reliability, low cost, Very useful tool for Based on BCS technology. | Real time measurements. | Measure temperature
easily to access & monitoring receiver Can verify aiming No target is required. No | variation across tube
maintain, accurately thermal condition. strategies. Relatively low | interruption of receiver crown.

detect changes in power

Commercially available

cost. White target is

operation.

simple to design and
fabricate

Negative Features Sensitive to changes in Very high cost. Delicate Not real time Accuracy is poor - High cost. May require
bulk receiver surface instrument. Requires measurement. Special dependent on reflectivity | special calibration
reflectivity which changes | cooling. Sensitive to software required. of surface which varies methods to measure
significantly, but slowly atmospheric conditions Interrupts receiver with location and age. emissivity.
with age and emissivity. operation. Target needs

cooling.

Comments Simple calibration method | Method to correct Easiest way to accurately | Receiver reflectivity Part of diagnostics to
may correct slow changes | emissivity may be done map out receiver flux calibration map may assess tube stress. Will
in reflectivity over field of | simply during receiver distribution improve accuracy. Only not aid in the operation or
view start up after salt flow is method to get continuous | reliability of receiver.

established flux map measurements.










